G razing cool-season grass with stocker cattle is an important economic activity in the southern Great Plains. Synthetic sources of N are commonly used to supply N fertilizer requirements to pastures in the region. However, over the past several years, prices for synthetic sources of N have trended increasingly higher. In fact, the price for N fertilizer increased by 120% between 2000 (USDA, 2009 ). These higher prices have weighed heavily on farm profi tability of forage producers. With this strain on farm profi tability, producers are searching for potential alternative strategies for managing N fertilizer requirements for their introduced cool-season forages. These increasing N fertilizer prices have led to recent reports for use of legume N fi xation, nutrient cycling, and stocking strategies as a means to reduce costs associated with N inputs in cow-calf operations (Rouquette and Smith, 2010) . Brennan and Evans (2001) determined that the economic benefi t of a legume-derived N compared to synthetic N fertilizers depends on the legume of choice and the cost of the N fertilizer during time of assessment. These economic diff erences may be tied to the amount of N fi xed by the legume, which is reported to vary among legume species (Dear , respectively). However, the TF-N system showed a tendency toward greater expected net return than the TF-Leg system ($224.35 and $92.67 ha −1 , respectively; p = 0.08).
, and is aff ected by environmental factors and producer management strategies (Peoples et al., 2001) .
Therefore, for sustained production of forage with high nutritive value, biological N fi xation by legumes incorporated in to grass pastures could be a good alternative to synthetic N fertilizers. Interseeding legume crops into grass pastures is not a new innovation as a substantial amount of information exists regarding biological aspects of legume-grass pastures. Studies on interspecies N relations showed using heavy N isotope (N 15 ) that 50% of N in Kentucky bluegrass (Poa pratensis L.) in a white clover (Trifolium repens L.)-Kentucky bluegrass mixture was derived from the legume component (Gylfadóttir et al., 2007) while an estimated 55 kg N ha −1 released from alfalfa (Medicago sativa L.) was assimilated by meadow bromegrass (Bromus riparius Rhemann) (Walley et al., 1996) . Fertilizer N replacement values of legumes in binary mixtures vary depending on the species involved. For example, N replacement ranged from 74 to 325 and 147 to 295 kg N ha −1 in Kura clover (Trifolium ambiguum M. Bieb.)-smooth bromegrass (Bromus inermis Leyss.) and bird's-foot trefoil (Lotus corniculatus L.)-smooth bromegrass mixtures, respectively (Zemenchik et al., 2001) . Additional benefi cial eff ects of atmospherically derived N from legumes interseeded into other forages include better distribution of available forage, increased forage yield, and improved forage quality (Hoveland, 1989; Sleugh et al., 2000; Berdahl et al., 2004) . However, improvements in the quality of mixed forages depend on the grass and legume species involved.
Inclusion of legumes such as arrowleaf clover into tall fescue pastures may extend the grazing season due to its later maturity (Hoveland and Evers, 1995) . Arrowleaf clover is well adapted to southeastern Oklahoma (Miller and Wells, 1985; Ball et al., 2007) and it is one of the most popular and widely used forage legumes in southeastern Oklahoma. It is generally used with bermudagrass [Cynodon dactylon (L.) Pers.], tall fescue, and small grains for pastures and hay, resulting in high-quality forage for stockers and cowcalf operations (Caddel and Redmon, 1995) .It was also reported that interseeded legumes increased the relative feed value of available forage, and that steers grazing a tall fescue-white clover pasture had greater body weight gain and reduced production cost than those grazing monocultures of tall fescue pasture (Hoveland et al., 1990) . Tekeli and Ates (2005) reported that crude protein (CP) concentration of herbage increased as the white clover proportion of a white clover-tall fescue mixture increased. Deak et al. (2007) reported that variation in nutritive value among 13 grass-legume-chicory (Cichorium intybus L.) forage mixtures was primarily explained by the variation in the proportion of legumes and grasses (i.e., legume proportion explained most CP variation while grass proportion explained most neutral detergent fi ber [NDF] variation). Dierking et al. (2010) reported greater nutritive value (CP and NDF concentrations) associated with tall fescue-alfalfa mixture compared to tall fescue only and tall fescue-red clover (Trifolium pratense L.) pastures. By increasing soil N, interseeded legumes may decrease the need for N fertilizer, which will in turn reduce costs and improve revenue for producers. For example, within a dairy operation, a mixed pasture of white clover and orchardgrass (Dactylis glomerata L.) had greater net returns compared to orchardgrass fertilized with 168 kg N ha −1 (Sanderson et al., 2006) . In cow-calf operations in the northern plains, cows grazing tall fescue pastures fertilized with 112 kg N ha −1 had lesser economic returns compared with those grazing tall fescue-white clover-red clover mixed pasture (Petritz et al., 1980) . However, data on a systematic investigation comparing annual legumes to N fertilizer in perennial cool-season grass systems in the southern Great Plains is limited. The objective of this study was to compare the agronomic and economic performance of a tall fescue-legume system to a tall fescue-N fertilizer system for stocker cattle production in the southern Great Plains when forage allowance and nutritive value were not limited by management or necessity of use in either system.
MATERIALS AND METHODS
The experiment was conducted at The Samuel Roberts Noble Foundation's Headquarter Farm located in south central Oklahoma (34°10′ N, 97°10′ W; elevation 266 m). The weather data of the study area are presented in Fig. 1 . The soil type of the experimental site was a Heiden clay (fi ne, montmorillonitic, thermic Udic Chromusterts) with average pH of 7.1 and organic matter of 32 g kg −1
. At the beginning of the study, the average Mehlich-III extractable soil P, K, Ca, and Mg were 8, 145, 4641, and 532 mg kg −1 , respectively. The experiment was a completely randomized design with three pasture replicates (0.81 ha) of the two N treatments. The N source treatments were imposed on tall fescue (an established Texoma Max Q II tall fescue planted in 2005) with 112 kg N ha −1 (TF-N) or a tall fescue with annual legume mixture (fi eld pea-hairy vetch-arrowleaf clover) (TF-Leg). Paddocks were mowed each August to remove seedheads. Paddocks were fertilized in September each year with P according to the soil test recommendation with either triple super phosphate (0-46-0) for the TF-Leg paddocks or diammonium phosphate (18-46-0) in the TF-N paddocks at the rate of 21 kg P ha −1 (47 kg P 2 O 5 ha
). The TF-N paddocks were fertilized with N (urea-ammonium sulfate blend; 34-0-0) at the rate of 103 kg N ha −1 so that a total of soil residual N plus fertilizer N would equal 112 kg N ha −1
. Seeds of the legume mixture ('Specter' and 'Secada' pea, 'AU merit' hairy vetch, and 'Apache' arrowleaf clover) were planted using a no-till drill (Great Plains Manufacturing, Inc.) in early September each year (2008) (2009) (2010) ) at a rate of 22, 11, and 4 kg of pure live seed (PLS) ha −1 , respectively. Arrowleaf clover was purchased pre-inoculated while fi eld peas and vetch (tall fescue, vetch, peas, and arrowleaf clover). The dry weights of all individual components were summed to represent forage mass. Prediction equations were developed by regressing actual forage mass with disk height. Separate prediction equations were developed for TF-N and TF-Leg treatments. Additionally, at each sampling date, 20 disk height measurements were taken at randomly selected locations per paddock. These heights were entered into the appropriate calibration regression equation to predict average forage mass for each paddock.
Hand-plucked samples were taken every 28 d at 40 random locations per paddock to estimate nutritive value of the grazed portion of the canopy, typically represented by the top quarter of the canopy. These samples were separated by species, dried in a forced draft oven at 50°C for more than 72 h, and ground in a Wiley mill (Thomas-Wily Laboratory Mill, Thomas Scientifi c) to pass a 1-mm screen. Each species was analyzed for CP, acid detergent fi ber (ADF), NDF, and in vitro dry matter digestibility (IVDMD) concentrations using the Foss 6500 near-infrared refl ectance spectroscopy (NIRS) instrument. The samples were scanned using Foss ISIScan software (Infrasoft, 2003) and prediction equations developed by the NIRS Forage and Feed Testing Consortium (Hillsboro, WI). The NIRS calibration equation parameters (mean, standard error of validation, and r 2 ) for nutritive values of tall fescue and legumes are presented in Table 1 . These equations were then used to predict CP, ADF, NDF, and IVDMD concentrations for all samples.
The goals for managing forage mass were to maximize total gain (TG) per hectare, to avoid forcing the steers to graze were inoculated using a vetch and/or pea inoculum (Nitragin C, EMD Crop Bioscience). Specter and Secada fi eld peas are winter and spring types. Broadleaf weeds were controlled the year before initiating the experiment by using 2,4-D [2,4 dichlorophenoxyacetic acid] at a rate of 1.1 kg a.i. ha −1 while no herbicides were used during the 3 yr of this study.
Animal Assignment, Data Collection, and Processing
Grazing was initiated each year when forage mass was adequate (>2.0 Mg dry matter [DM] ha −1
) and was terminated when forage mass was limiting (<1.0 Mg DM ha −1 ) or forage nutritive value became so low as to limit animal gains Beck et al., 2008) . Paddocks were evaluated on 28-d intervals for estimations of forage mass (Mg DM ha −1 ), forage allowance (kg forage per kg animal live weight), and steer average daily gain (ADG) (kg per head d
−1
). A double-sampling technique in which regression equations were derived from the correlation of a 0.1-m 2 aluminum rising plate disk ( Jenquip) settling height (indirect estimate) to quadrat DM yield (direct measurement clipped to a 3-cm stubble) was used to determine forage mass (t ' Mannetje, 2000) . The disk was calibrated monthly by taking direct and indirect measures at 15 0.1-m 2 sites per N source treatment that represented the range of forage mass on the three respective experimental units. Clipped forage samples were dried in a forced draft oven set at 50°C for more than 72 h to a constant weight and weighed. Before drying, forage samples were separated by hand into species components low quality forage, and to reduce variation in forage allowance among experimental units. Grazing was initiated each year when forage mass was adequate (>2.0 Mg DM ha N) and 9 Apr. 2010 (TF-Leg). In the fi nal season, grazing was initiated on 14 Oct. 2010 for the TF-N system and on 9 Dec. 2010 for the TF-Leg system. Grazing was terminated in both tall fescue systems on 1 June 2011. Grazing was suspended from 6 Jan. 2011 until 29 Mar. 2011 on all paddocks due to low forage mass.
Paddocks were continuously stocked with a variable stocking rate using preconditioned Angus and Angus × Brangus steers (282 ± 67 kg initial body weight) of local origin. Each year, two "tester" steers were randomly assigned to each paddock and grazed the paddock for the duration of the experiment that year. Average daily gain was calculated from the initial and fi nal weights of the tester steers that were measured at 0800 h following a 16-h fast without feed or water. Additional "grazer" (non-tester) steers were added or removed from the paddocks periodically in an attempt to equalize forage allowance across paddocks (Sollenberger et al., 2005) . Grazer steer stocking rate was adjusted as needed every 28 d to approximate 1.0 kg forage DM kg −1 steer live weight. Stocking rate ranged from 3.2 to 7.3 animals ha −1 for the TF-N system and 3.1 to 8.6 animals ha
for the TF-Leg system. Total gain per hectare was calculated by multiplying ADG of the tester animals by the total number of grazing days for each system.
Economic Analysis
The relative economic value for each forage system was determined by calculating the diff erence between the expected values for revenues and the costs for each tall fescue system. Because the goal of the study is to compare the economics of conventional N fertilizer with the inclusion of annual forage legumes, full detailed enterprise budgets were developed to account for all the costs that diff ered between the two systems. Costs included seedbed preparation, seed purchase, and seed establishment amortized over a 10-yr expected life of stand, fertilizer management, weed management, and interest on operating expenses, including the opportunity cost of owning stocker cattle during the grazing period. Costs for each system were calculated using the 3-yr average quantities of inputs multiplied by expected market prices for the region for each input used by each system. The expected regional market prices of $1.21 per kg of actual N (46-0-0) and $3.00 per kg of P were used in the study. Seed prices of $1.72, $5.03, and $7.10 kg −1 PLS for peas, vetch, and arrowleaf clover seed were used, respectively. Regional custom rates for N and P application ($14.81 ha ) were used (Doye and Sahs, 2010 ). An annual interest rate of 7.5% was used to calculate the opportunity cost of capital during the growing season. Value-of-gain was determined using the 2012 futures prices for January and June quoted by the Chicago Board of Trade and adjusted to refl ect the Oklahoma City National Stockyard regional price using Beef Basis.com (Crosby et al., 2005) . A value of gain of $2.34 kg −1 was used for both tall fescue systems to place value on TG produced per hectare by stocker cattle.
Statistical Analysis
Data on forage mass, forage allowance, nutritive value, and animal performance were subjected to analysis of variance using PROC MIXED (SAS Institute, 2002) . Evaluation date, tall fescue N system, and their interactions were considered fi xed eff ects while year and replicate were considered random eff ects. Year was considered random so inferences could be made across years with variable amounts of precipitation. Signifi cance was determined at p ≤ 0.05. The PDIFF function of the LSMEANS procedure was used to compare means. Diff erences among tall fescue N system means were based on F tests. For responses measured multiple times per year, evaluation date was treated as a repeated measure with compound symmetry covariance structure.
Value of gain, gross revenue, total cost, and net return for each tall fescue system were analyzed using random-eff ects mixed models, with year and replication modeled as random eff ects and tall fescue system modeled as a fi xed eff ect (SAS Institute, 2002) . The statistical models for the economic variables applied the autoregressive (AR1) spatial power covariance structure to account for temporal autocorrelation in data collected across years. Individual paddocks were used as local subjects within all analyses, because they represented the units in the study that received the specifi ed tall fescue N system over the course of the study. The null hypothesis of zero year random eff ect was tested with the likelihood ratio (LR) test and rejected at p ≤ 0.0001 for all dependant variables analyzed. The LR (λ) was obtained as a ratio of the maximum likelihood value obtained when the mixed model was analyzed with and without the random constraint associated with study site and year. The LR depended on the restricted and unrestricted models and under regularity, the test statistic (−2lnλ) followed a chi-squared distribution with a degrees of freedom equal to the number of restrictions imposed (Greene, 2005) .
RESULTS AND DISCUSSION

Weather
The total amount and seasonal distribution of precipitation aff ected forage mass, forage allowance, grazing days, ADG, and TG. The growing season defi ned as September through June was extremely dry during the 2008/2009 season ( Fig. 1) , which was 48% below the 30-yr average (740 mm). Season 2009/2010 received 100% of the normal precipitation while season 2010/2011 was moderately dry and received 27% below the normal 30-yr precipitation. Minimum and maximum monthly temperatures during the growing seasons of all years were consistent with 30-yr average temperatures (data not shown).
Seasonal Forage Mass and Allowance
There was no eff ect of N treatment or evaluation date (p = 0.07 and p = 0.41, respectively) on forage mass (p = 0.07) when measured every 28 d throughout the grazing cycle; however, there was a tendency toward greater forage mass in the TF-N system than TF-Leg system (1.9 and 1.5 Mg ha
−1
). Forage mass ranged from 1.1 to 2.1 Mg ha −1 in February and November, respectively. Nitrogen treatment (legume or inorganic fertilizer) × evaluation date interaction was not signifi cant (p = 0.61) for forage mass.
To estimate the contribution of legumes to the total forage mass in the TF-Leg system, forage mass values were separated by species and data was evaluated by month. Tall fescue was always the greatest contributor to total forage mass at all evaluation dates, and there were no diff erences between the amounts of total legumes present early in the season during November, December, January, and February (Fig. 2) . However, in March, April, and May, vetch was a greater contributor to total forage mass than both arrowleaf clover and peas. Because the annual legumes were established each autumn, they did not contribute any meaningful forage until spring. Based on these results, arrowleaf clover did not contribute signifi cantly to the total proportion of legume present within the forage, which may be due to its lack of competitiveness with tall fescue and the other legumes during establishment due to its small seed size and low seedling vigor.
Forage allowance in the TF-N system was greater (p = 0.04) than in the TF-Leg system (0.9 and 0.7 kg of forage per kg of animal live weight, respectively). Forage allowance was also aff ected by evaluation date (p < 0.01; Fig. 3) ; however the treatment × date interaction was not signifi cant (p = 0.94) for forage allowance. Forage allowance was greater early in the grazing season and gradually decreased as the grazing season progressed.
Forage Nutritive Value
To evaluate the nutritive values of tall fescue and the diff erent species of legumes in both tall fescue systems, chemical composition measurements were separated by species, and data was evaluated by month for each system in a manner similar to the contribution of tall fescue and legume species to the total forage mass. In most cases, the legumes had greater nutritive than tall fescue (p < 0.05), with the exceptions being similar IVDMD among all forage species in November, December, January, February, and June (Table 2 ). Forage nutritive value of both tall fescue systems tended to be greater early in the grazing season and after paddocks were rested (1 March) and decreased over time. In general, CP and IVDMD concentrations tended to decline and ADF and NDF concentrations tended to increase with time due to plant maturation (Beck et al., 2008) . When averaged across all years and evaluation dates, the legumes almost always had greater nutritive values than tall fescue (Table 2) . Although varying over time, CP and IVDMD concentrations were adequate (>120 g CP kg ) on most evaluation dates for steers to gain weight (NRC, 1996; Beck et al., 2008) .
Grazing Days
The number of grazing days varied between the two systems (p = 0.03) and is dependent on stocking rate and forage mass, which is subsequently dependent on the amount of precipitation received during the growing season. The TF-N system had 28% more total grazing days compared to the TF-Leg system (429 and 334 steer grazing d ha −1 , respectively; Table 3 ). The greater number of grazing days in the TF-N system was attributed to limited production of the legumes due to competition with tall fescue during autumn establishment. Islam et al. (2011) reported that the number of grazing days for tall fescue fertilized with 112 kg N ha −1 averaged 385 d ha −1 but ranged from 138 to 679 d ha −1 depending on the year and amount of precipitation.
Animal Performance
Stocker ADG was similar (p = 0.60) between the TF-N and TF-Leg systems (0.69 and 0.71 kg per head d −1 , respectively; Table 3 ), which is similar to reports of others. Although there was greater forage allowance associated with the TF-N system than the TF-Leg system, these difference in forage allowance between tall fescue systems did not appear biologically signifi cant because there were no diff erences in ADG among the systems. The greater forage quality associated with the legumes in the TF-Leg treatment may have lessened the eff ect of less forage allowance, possibly resulting in similar ADG between the TF-N and TF-Leg systems. Average daily gain was aff ected by evaluation date (p = 0.01; Fig. 3 ). Average daily gain tended to decrease as forage allowance decreased throughout the duration of the grazing season, which was consistent with typical responses observed by other authors (McCartor and Rouquette, 1977; Adjei et al., 1980; Guerrero et al., 1984) . Steers were removed from the trial when forage availability became limiting (<1.0 Mg DM ha . Steer ADG of Jesup AR542 (infected with a nontoxic endophyte) tall fescue in Georgia was 0.82 and 0.75 kg per head d −1 in the fall and spring, respectively (Parish et al., 2003) . Cattle grazing tall fescue infected with a novel endophyte in Arkansas and Missouri gained an average of 0.58 kg per head d −1 (Nihsen et al., 2004) . Beck et al. (2008) reported that ADG of steers grazing tall fescue in Arkansas averaged (over 3 yr) 0.86 and 0.84 kg per head d −1 during the fall and spring, respectively. There were no diff erences in TG between the tall fescue systems (p = 0.10), but there was a tendency toward greater gain in the TF-N system compared to the TF-Leg system (296 and 237 kg ha −1 , respectively; Table 3), which was the result of a greater number of grazing days within the TF-N system. These gains are similar to reports of others. Islam et al. (2011) reported that Texoma MaxQ II tall fescue TG averaged 349 kg ha −1 but ranged from 85 to 543 kg ha −1 , depending on precipitation.
Economics
Estimates of average production costs, gross revenue, and net return to land, labor, overhead, and management are reported in Table 3 . Total cost, including the prorated cost of establishment, was similar (p = 0.60) between the TF-N and TF-Leg systems ($460.67 and $466 .79 ha −1 , respectively). There was no statistical diff erence in gross revenue between the systems (p = 0.10); however, there was a noticeable numerical diff erence in average gross revenue that favored the TF-N system compared to the TFLeg system (i.e., $691.16 versus $553.33 ha toward greater expected net return (142% greater) with the TF-N system than the TF-Leg system ($224.35 and $92.67 ha −1 , respectively). The key factor attributing to diff erences in net return was the greater number of grazing days realized with the TF-N system, which translated into a greater amount of TG produced on each hectare. Islam et al. (2011) reported the expected net return on Texoma MaxQ II tall fescue system was $217 ha - ; however, in their net return analyses, they did not include the cost of establishing the tall fescue. Sensitivity analysis revealed that the net return for the two systems would be equal at $79.43 ha −1 when the price of N reached $2.45 kg
Nov
. Omitting arrowleaf clover would have saved approximately $30 ha −1 seed cost. When the costs are adjusted to account for no arrowleaf clover being used, the net return of the two systems were $226.09 and $126.40 ha −1 for the TF-N and TF-Leg, respectively. This would indicate that even without arrowleaf clover in the mix, the most economical system favored the TF-N system by about $99.60 ha −1 . Lower seed price of the legumes would improve profi tability of the TF-Leg system; however, the cost of the seed would have to be zero before expected net returns would be equal between systems.
CONCLUSIONS
This paper summarized 3 yr of data comparing tall fescue fertilized with 112 kg N ha −1 with tall fescue interseeded with annual legumes (peas, vetch, and arrowleaf clover). Annual legume production was limited due to competition of tall fescue in the autumn during establishment. Based on the results of this study, it appears that the annual legumes are not a viable substitution or replacement for commercial N fertilizer in tall fescue growing in the southern Great Plains, which is contrary to the expected results. In this study, N fertilizer cost was $132.35 ha −1 in the TF-N system while the cost of annual legume establishment was $156.25 ha −1 in the TF-Leg system. In order for the TF-Leg system to be profi table for cattle producers, the cost of annual legume establishment must be considerably lower than the price of N fertilizer. These results were likely aff ected by the limited precipitation received during this 3-yr fi eld experiment. Annual legumes may still contribute to tall fescue systems but only in higher rainfall regions or areas that have greater water holding capacity. Future research should evaluate other legumes species such as alfalfa that may be better suited to dry environments. Table 3 . Expected values for costs of inputs, value of gain, total cost, animal response (grazing days, average daily gain, and total gain), gross revenue, and net return to land, labor, and management by grazing system. 
